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"PHE VOLATILITY OF LEVINSTEIN MUSTARD"

by
H. E. BENT

LBSTRACT

The first one percent of a smmple of Lovinsteln Mustard
(obtained from Edgeviood Arsensl) removed by vaporizotion has
been found to glve a volatility epproximutely three timcs that
of purc nustard. Upon the successive removal of smell zmounts
cf the material by volatilizeatlon, the next nine percent shows

very little cﬁ&nge in volutility, wund gives & value approxi-

_mately ninc-tenths that of pure mustard.” This report gives a

comparison of volatility data of Levinstcin Mustard with
those of purc mustard ﬁs submitted in o previous: report. The
data, of nccessity, rcprcscnf vilucs for finitc amounts of the
components removed in the vaporizatlon, If it is assumed that
Raoult's lewv ls obeyed by the most volatile component, then
upon extrapolation 1t 1s estimated ph#t the most volatile con-
stituent has a volatility apg}oximatély one hundrcd tinmes as
great in the pure state as when dissolved in Levinsctein lus-
tard, or approximately tvo hundred times as grcat as pure
rustard, This suggests that the most volatilc_constitucnt"is
a substance of & rathcr small molecular veight.

During the courasc of the experiments 1t was observed thut
the amount ol solid materieal precipitating from the licuid in-
creased. On the basis of the fact that the volstility was

found to become constant and sfeve a value of about nine-tenths
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that of pure rmstard, it may be concluded that the amount of
non-volatile impurity in solution in the Levinsteln Nustard 1is

at a concentration of approximastely 0.l mole fraction.

iside from the fact that there is a difference in the

volatility of Levinstein and pure mustard samples, the informa-
tion i3 of interest in other respects. In the study of the
toxicity of different types of mustard ges, this difference in
volatility is en important fector, derending upon the type of
procedure used to carry out the toxlclty measurements. In
addition, in thc dispersal of muctard gas in the atmosphere by
high zaltitude sprays or by other means, it is of importance to
knovr the voletility of the material used., It is of particular
importance to be aware of the fesct that the asmount of solid
material dissolved in the Levinstein Musterd - reduces the

volatility aporoximately ten percent.

(The experimental work of this report was carried

out by kr. Irby Il,Bundin; of the University of Missouri.)
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DISCUSSION
Probleii. The volatility of Levinstcin Mustard is to be
studied in order to deter:iine how this varies with the auount
of material re:loved by vaporization. ..+ single tube susplied by

Edgewood .rsenal was available for the experiment. This was

divided into two portions in order to obtain better check on the

shape of the curve. The sanple was very dark in color and the
tube contuined a-solid mass which was practically insoluble in
acetone. The supcrnatent liquid vius used ‘but at the conclusion

of the expcriacnts :ore solid was prescnt.

Experinental. Details of the experimcental proccdurc have heer

given in two previous fornmal reports® 1In this particulir study
the weight of samplc introduccd into the s.tur.tor w.us rccordcd
in ordecr thut 'thc duitu could be expressed in terns of the
fraction of the sumple volatilized. .ll meuisurements were
carried out at 40° C, this temperature being conveaient
experimentully. Ve will assume that the rutio of the vol.tility
of Levinstéin must.rd to pure .mst.rd .t .11 working temper.tures
will not v.ry fro.a the value .t 40° by . signific.nt .mount. a4
sn.ll correction would be required due to . differeace in the
heat of wvaporiz.tion of the iapurity _.nd the must.rd in coing
froa one tenmper.ture to..nother, but the crudeness of the sumple
would h.rdly justify such . correction or the equiv.lent procedur
of meusuring the s.mple at two temperatures. Leviastein aust-rd
will froth in the satur.tor .t moder.te rates of flow of gas. at
lower velocities of gis flow this wis not serious,

#* Formal Reports, Serial Nos. L427 and 436 by H. E, Bent.




Results. The tables give the experimentally deternined
volatility ané also the volatility expressed us . percentage of
th;t for pure mustard. The gruiph gives viluss for the
experimental data, plotted in & munner to be indicated below,
and also i curve which indiCdtéS the volatility as 2 function
of the composition.

In choosing a vulue for the abscissu for the plot,
considerztion must be given to the fuct thrt at the beginning
of the series the vol*tiiity is chqﬂging rupidly. ZEach run is,
therefore, .n .verage of a high vol.tility .t the start‘gnd a
low vol;tility st the conclusion of the rua. .This experiamentall
observed volatility, which'is. an average, is then plotted

against the .imount of mustard removed, exprecsed as percent of

the sample, when hilf of the swiple has been collected.

Siailarly the second volatility is plotted us ordinute against
a Vvalue for fhe abscissa ' which represents the totul amount of
mustard removed when hialf of the‘second fun had been collected.
If tae vol.tility were . line;r.fﬁnction of the .mount of

materiil renoved, u curve connecting noints plotted us ibove

would zive the true vol.tility as a function of coaposition. A::

will be noted from the curve, however, there is a very rapid
. decreise in volatility with . resultinz shirp curvature which
indic.ites thit the true vol.tility curve should f.1l1 souewhat tc
the left ol the experiment.l roints. This h.s been suggested

by the full line dr.wn on the gr.ph.

.
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Since the very volutile fr.ctioun constitutes not :ore thun
one percent.of the s.iaple one auy conclude th.t the re.liniag
99% of the¢ s.iple will obey R-oult's luw .nd will n.uve a
vol_tility of 99% of wh.t it would h_ve in tihe .beence of the
vol .tile co.ponent. e .y, thsrefors, split up the tot.l
vol .tility, which is 300;; of ta .t of »ure =ust.rd into two
p.rts, the first beins th.t duec to the less vol .tile m.teri.:l
which h.s ¢ssenti 11y the s.ac vol..tility .5 pure ~ust.rd .nd

the reminin:g 1% of the ligquid +shieh st thoerciore sccount

for .. vol_tility of ._.peroxia:telr tuice th.t of :wst.rd in order
3 v

thzt the tot .1 will be three tines th..t of nure =must:rd, If we
now :sswuie th.t Hioult's 1.w is oheved by tiis wolatile
component, which is only : rough .poroxim:tioa for = substance
in sm.11 conceatr:tion, then we c.n estinite tiut if this
m.teri:l vere isol ted it would h.ve .. vol_ tility _.poroxim.tely
one hundred tiaies zs grect s ia Levinstein rmst.rd or :
vol.tility two hundred times .s gre.t .s pure must.rd. at 40°C
this would be so.ething like 500 zig per liter. This suggests

. subst .nce of r.:ther sin.ll molecul.r weight.

The non=-vol.tile impurity, :wch of which cryst.llized in
thé cont iner before .ad during the run his anot been .n.lyzed.
Judzing fron the f.ct th.t the fin.l vol.tility is aine tenths
of th.t of »nure 'mst.réd we 2.y conclude ti..t .t le st . role
fr .ction of one tenth is to be _.asirned to the non vol.tile
impurity. ..ny ol .tility ..ssigned to impurities rresent ne.r th

conclusinn oi the experinent .mould le.d to thae .ssignient of 3

. ———--
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vilue sonewh.t gre.ter thi-n one tenth to the concestr .tiom of

the impurity.

SAPERIMENT.LL VaLULS FOrl TEL VOL.TILITY OF

LEVLOTLIN MUSTARD E.PRES3ID a5 MG PER LIT:Sk T A400C

Run I Run II

“t, of Aamt. Vol tility " t. of .Jlount Tol.tility
S .mple Collected s Jple Collected

7.27 0.14763 5.952 12.9 0.17487 3.193
.02196 1.034™ .05912 2.752
.07112 3.362% .05481 2.556

" .05370 2.527 ' .05280 2.489
.05343 2.519 .05385 2.496
. 05645 2.658
.05158 2.409
.05432 2.532
.05294 2.507
.05296 2.453
.05158 2.428

*During the second determin tion of the first run the he.ter

viire on the exit tube of the s.tur .tor bec.ume det_ched with

resulting condens tion between tie situr .tor .ad the collecting

tr.p. This c.uses the second v.lue to he lov .nd the third high
but does not .ffect the ren.inder of the runs. Some of the
inconst .ney in the v._lues or l.ter runs is coubtless dus to

the supers._tur.tion of the solution .nd 1.ter eryst.1liz .tion

of impurities.
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COAF..RISON OF THL VOL.TILITY OF LEVLJUTEIN YITH
PURE LIUST.LRD (2.74) .ND 4 TaBULATION OF D.Ta
USED FOR THE GR.PH.
Run I Rua II
% of the sanple Volatility % of the suaaple Voluatility
rem.ining when expressed as renaining vhen expressed as
half of a given % of that of hilf of z given % of that of
deternination pure mustard determinution pure mustard
had been completed had been coapleted
98.98 254 99.32 300
93.42 100
97.97 93
96.32 92 97.56 91
95.58 92 97.14 92
94.83 97
94.08 89
93.36 92
92.62 91
91.89 90

91.17 89

Conclusions

D:tu h.ve been obt.ined over the range of composition for
which the volutility is chunging most r.pidly. There is no

indication the volutiliz.tion  of . l.rge fr.ction of the s.mp:

vould give .aythinz of interest. One misht expect, however,

that the l.st of the suzaple to viporize would give . nuch lowe:
vol_tility due to the Zccul:atioa of inpurities, This r.nge
of composition could be studied if much l.rger s.rples were

2veil ble.
Submitted
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